Ergot alkaloids present in endophyte-infected (Eϩ) tall fescue cause fescue toxicosis and other toxic effects in livestock that consume infected plant tissue, leading to significant financial losses in livestock production each year. The predominant method currently in use for quantifying ergot alkaloid content in plant tissue is through high-performance liquid chromatography (HPLC), which quantifies the amount of ergovaline, one of many ergot alkaloids in Eϩ plant tissue. The enzyme-linked immunosorbent assay (ELISA) method used in this study detects quantities of nonspecific ergot alkaloids and therefore accounts for greater amounts of the total ergot alkaloid content in Eϩ tissue than does HPLC. The ELISA can also be used to more expediently analyze a larger number of forage samples without sophisticated and costly analytical equipment and therefore could be more desirable in a diagnostic setting. The purpose of this study was to evaluate the between-day and within-run variability of the ELISA and to determine the binding efficiency of 6 ergot alkaloids to the 15F3.E5 antibody used in the competitive ELISA to ascertain its feasibility as a quick analysis tool for ergot alkaloids. Straw samples had an average coefficient of variation (CV) for concentration of 10.2% within runs and 18.4% between runs, and the seed samples had an average CV for concentration of 13.3% within runs and 24.5% between runs. The grass tissue-based lysergic acid standard curve calculated from the ELISA had an average r 2 of 0.99, with a CV of 2.1%. Ergocryptine, ergocristine, ergocornine, and ergotamine tartrate did not bind strongly to the 15F3.E5 antibody because of the presence of large side groups on these molecules, which block their binding to the antibody, whereas ergonovine and ergonovine maleate were bound much more efficiently because of their structural similarity to lysergic acid. Clarified rumen fluid was tested as an additional matrix for use in the ergot alkaloid competitive ELISA to determine whether future livestock metabolism experiments on the postingestion fate of ergot alkaloids in ruminants could utilize this assay as a quick screening tool for the presence of nonspecific ergot alkaloids in rumen fluid. HPLC and ELISA procedures were compared for their ability in determining ergot alkaloid toxicity based on the repeatability of the procedures and on the specific compounds they measure. The ratio of ELISA concentration to HPLC concentration (ergovaline) varied from 2.00 to 2.81 in seed samples and from 0.62 to 8.66 in straw samples, showing no consistent pattern between the 2 methods. Based on the lack of data at present for the identity of the toxin causing endophyte toxicosis and the lack of agreement between the ergovaline HPLC and ELISA analyses for ergot alkaloids, each method is equally valid as an indicator of toxicity and is the best means for determining the quantity of the specific toxin(s) they measure.
Tall fescue (Festuca arundinacea) plants are often infected with the endophyte Neotyphodium coenophialum (Morgan-Jones and Gams), which is a fungus that confers benefits such as drought and stress tolerance and pest resistance to the plant while the plant provides energy and a sustainable environment for the fungus. 1 This beneficial symbiotic relationship between the plant and fungus is necessary to ensure optimal plant production and survival. 1 The presence of endophyte in the plant results in the production of ergot alkaloids, which are toxic metabolites of N. coen-loids from endophyte-infected tall fescue affect the vascular tissues and blood of grazing organisms by acting on ␣-adrenergic, serotonin, and dopamine receptors to cause a vasoconstrictive response. 8, 9 As ␣adrenergic agonists, ergot alkaloids may decrease respiratory rates in sheep and cattle. The ergopeptides also suppress prolactin secretion by binding to dopamine receptors; prolactin concentration is, therefore, often used as an indicator of fescue toxicosis in livestock. 13 Depressed serum prolactin in prepartum cattle can result in reduced milk yield but has negligible effects once lactogenesis occurs. Conception and calving by heifers feeding on endophyte-infected hay is also decreased, leading to reproductive efficiency problems. 13 In the spring of 1998, an export crisis occurred whereby straw exported from the United States to Japan was halted on request of the Japanese government because they believed US endophyte-infected straw to be toxic to their livestock. A resolution was formed that included obligatory testing of all exported straw for the endophyte toxins ergovaline (in tall fescue) and/or lolitrem B (in ryegrass). Because of this new requirement for the export of straw to Pacific Rim countries and the increasing number of straw growers who need certification to sell ''nontoxic'' straw to livestock producers, thousands of straw samples have been assayed for ergovaline or lolitrem B concentration with high-performance liquid chromatography (HPLC) procedures.
Currently, the predominant method in diagnostic laboratories for determining ergovaline content in tall fescue plant tissue is HPLC. 2, 10 This method quantifies the amount of ergovaline, 1 of many ergot alkaloids in endophyte-infected tall fescue tissue, 15 in a given straw or seed sample. This HPLC method is both costly and time consuming and requires the use of sophisticated analytical equipment and trained personnel. To more expediently analyze a larger number of forage samples for the quantity of total ergot alkaloids and to decrease analytical costs, a rapid and inexpensive assay would be useful for determining alkaloid levels in plants to assess whether they are safe for livestock consumption. 4 Immunoassays are attractive for this task because of their sensitivity, rapidity, and use of relatively simple equipment. 4 An immunoassay for ergot alkaloids was developed to detect the presence of ergopeptine alkaloids when as little as 3% of the plants or 4% of the seeds are infected with endophyte. 11 The correlation coefficients between the HPLC and enzyme-linked immunosorbent assay (ELISA) data from this assay were lower than expected, which limited its use in qualitative assessments. A more sensitive quantitative assay was needed that could be used at low ergot alkaloid concentrations to better quantify alkaloids in plant tissue.
A specific monoclonal antibody (15F3.E5) for ergot alkaloids was developed and used in a competitive ELISA detection assay to screen for plants with low ergot alkaloid concentration. 1 Studies were conducted using this immunoassay to develop a more precise ergot alkaloid ELISA protocol, including specific determination of plant tissue extraction time, plant tissue mass, and extraction volume necessary for plant tissue samples that would produce repeatable ELISA results. 4 This assay has been used to test for ergot alkaloids containing a lysergic ring moiety in plant tissue and urine 1, 4, 12 and is the optimal method for determining endophyte toxicity due to ergoline alkaloids. No values have been reported for the variation seen specifically in ergot alkaloid concentration of seed or straw samples, however, nor have the between-run or within-run variations in the lysergic acid standard curve used in this assay been reported.
The purpose of this study was to evaluate these parameters and to determine the binding efficiency of 6 ergot alkaloids in comparison to lysergic acid. Clarified rumen fluid was also tested as an additional matrix for use in the ergot alkaloid competitive ELISA that utilizes the 15F3.E5 antibody. The ELISA measures a group of ergoline alkaloids with a lysergic acid moiety and thus accounts for a larger amount of total alkaloids, whereas the ergovaline HPLC only measures 1 ergopeptide. To determine which technique was, therefore, a better determinant of ergot alkaloid concentration and thus a better tool to negate the large loss in livestock production due to fescue toxicosis each year, the correlation between straw and seed ergot alkaloid concentration values obtained with the ELISA and the ergovaline concentration values obtained with HPLC was assessed.
Materials and methods

Sample collection
Straw samples were collected from various grass growers in the Willamette Valley, Oregon. A core sampler was used to withdraw 20 cores randomly from different bales in each lot of straw immediately after harvesting, or straw was hand sampled in fields at 20 random locations. These core or hand samples were pooled for grinding once they were dried. Seed samples were obtained from seed standards used in HPLC analysis for ergovaline and were assayed by HPLC to determine ergovaline concentration. 2
ELISA
Standard and sample preparation. The lysergic acid standards used to calibrate the standard curve for each plate were made fresh daily from a 1 mg/ml lysergic acid a in methanol stock solution by making a 25 ng/ml lysergic acid solution diluted with grass tissue-based EPBST phosphate buffer.
EPBST buffer solution contained 1.17 g Na 2 HPO 4 , 8.175 g NaCl, and 500 L polyoxyethylene (20) sorbitan monooleate in 1 liter of double-distilled water at pH 7.4. An endophytefree straw sample (1.25 g) was added for every 100 ml of EPBST buffer and stirred for 5 min. The solution was incubated at room temperature for 15 min and then stirred again for 5 min. This solution was centrifuged at 1,520 ϫ g for 10 min. The supernatant was removed and kept at approximately 2 C covered in the dark until used for making dilutions. The 25 ng/ml solution was then serially diluted with the grass tissue-based EPBST buffer solution to obtain 4 additional lysergic acid standards of 1.5625, 3.125, 6.25, and 12.5 ng/ml each, done in triplicate. The lysergic acid standard curve (0, 1.5625, 3.125, 6.25, 12.5, and 25 ng/ml) was run over 19 days.
The 5 ergot alkaloids, ergonovine, a ergonovine maleate, a ␣-ergocryptine, a ergotamine tartrate, a and ergocristine, b were dissolved into methanol to obtain a 1 mg/ml stock solution. Ergocornine b was dissolved into ethanol, because of its inability to go into solution with methanol, to obtain a 1 mg/ ml stock solution. Each stock solution was used to make a 50 ng/ml solution of each ergot alkaloid diluted with grass tissue-based EPBST buffer solution. The 50 ng/ml solution was then serially diluted to concentrations of 0.025, 0.25, 2.5, 12.5, and 25 ng/ml for each alkaloid using the grass tissue-based EPBST buffer solution, in triplicate. Each alkaloid was run on 3 separate days at all 5 concentrations with a blank solution.
The extract from the 15 straw and 6 seed samples was made using an 80:1 (v/wt) solution (8 ml EPBST solution : 0.10 g ground plant material), which was vortexed and incubated for 30 min. The tubes were vortexed again and centrifuged for 5 min at 1,520 ϫ g. The supernatant was then removed, and straw or seed samples known from HPLC analysis to be high in ergovaline were further diluted 1:5 (supernatant : EPBST buffer solution). This solution was then dispensed directly into the microtiter wells in triplicate. Straw samples were run on 2 separate days in triplicate. Seed samples were run on a variable number of days in triplicate.
The clarified rumen fluid extract was produced by centrifuging strained ruminal liquor at 25,000 ϫ g for 30 min and was stored at Ϫ13 C until used. 14 Rumen fluid lysergic acid standards were made by spiking clarified rumen fluid with the 1 mg/ml lysergic acid stock solution to obtain a 25 ng/ ml lysergic acid in rumen fluid solution. The 1.5625, 3.125, 6.25, and 12.5 ng/ml solutions were made by serial dilution of the 25 ng/ml solution with rumen fluid-based EPBST buffer solution. For the rumen fluid-based EPBST buffer solution, 1.25 ml of clarified rumen fluid was added for every 100 ml of EPBST buffer and stirred for 5 min. The solution was incubated for 15 min and then stirred for 5 min. The liquid solution was kept at 2 C covered in the dark until used for making dilutions. The rumen fluid lysergic acid standards (0, 1.5625, 3.125, 6.25, 12.5, and 25 ng/ml) were run in triplicate over 6 days.
Protocol. The ergot alkaloid competitive ELISA protocol utilized monoclonal antibodies from the murine hybridoma cell line 15F3.E5. 4 The following brief description is based on the protocol used in a similar study conducted with tall fescue plant tissue. 4 A 96-well microtiter plate c was coated with 188 pg of human serum albumin conjugated with lysergol 4 by incubating the microtiter wells overnight at 2 C with the protein conjugate dissolved in 50 l of borate saline solution. The following day, the plate was washed 3 times with ELISA wash (1.21 g hydroxymethyl aminoethane, 500 l polyoxyethylene (20) sorbitan monooleate, 0.2 g NaN 3 in 1 liter of doubled-distilled water, pH 8.0) on an automated plate washer. d The wells were then blocked using 125 l of bovine serum albumin blocking solution for 30 min on an orbital shaker e at room temperature.
The plate was washed 3 times with ELISA wash to remove excess blocking solution, and 50 l of lysergic acid standard, rumen fluid standard, ergot alkaloid, straw sample, or seed sample was added to the appropriate wells in triplicate. Diluted (1:100) monoclonal antibody 15F3.E5 (50 l) was subsequently added to the wells and allowed to incubate for 2 hr on the shaker, covered at room temperature. The plate was then washed 3 times with ELISA wash, and 50 l of diluted (1:500) rabbit anti-mouse antibody-alkaline phosphatase a conjugate was added and allowed to incubate for 2 hr on the shaker, covered at room temperature. The plate was washed 3 times with ELISA wash, and 50 l of pnitrophenylphosphate f chromogen was added to each well and color was permitted to develop for 20 min. Color development was stopped using 50 l of 3 M NaOH, g and absorbance was measured at 405 nm. d The detection limit for the ELISA was 1.5625 ng/ml for lysergic acid.
HPLC
Lysergic acid. The samples were prepared by adding 5 ml of methanol to 0.25 g of 6 seed and 4 straw samples. The tubes were allowed to rotate overnight in the dark. The following day, the samples were centrifuged at 1,520 ϫ g on a clinical centrifuge, and 2.5 ml of the methanol supernatant was removed. This solution was dried under N 2 gas at 50 C. The samples were reconstituted in 0.5 ml of 0.001 N NaOH, filtered through a 0.22-m filter, and run on the HPLC system. The controls were made by adding 20 l of a 5.0 g/ml lysergic acid in methanol stock solution to 0.25 g of an endophyte-free seed sample and prepared the same as the above samples. The 50, 100, and 200 ng/ml lysergic acid standards were made by diluting the 5.0 g/ml stock solution. The 12.5 and 25 ng/ml lysergic acid standards were made by diluting the 50 ng/ml standard solution. All solutions were dried under N 2 gas at 50 C and reconstituted in 0.5 ml of 0.001 N NaOH and analyzed with HPLC.
Plant samples were prepared and analyzed for lysergic acid concentration by HPLC using a 250 series binary pump, h a 200 series autosampler h fitted with a 150-l sample loop, an LC 240 fluorescence detector h with a 7-l flow cell, an excitation wavelength of 250 nm and an emission wavelength of 420 nm, and a column packed with divinyl benzene (5 m particle size). Data collection and quantification was from a PC-based system. h Mobile phase A consisted of 2.6 mM ammonium carbonate i and acetonitrile g (90:10 v/v), and mobile phase B contained 2.6 mM ammonium carbonate i and acetonitrile g (30:70 v/v) run at 1.0 ml/min. The sample, control, or standard (150 l) was then injected into the system. After a 5-min equilibration with mobile phase A, the program was linearly ramped up to 100% B in 5 min, held * Concentration as determined from the competitive ELISA. 6 The first number is the mean of the 2 replicates in parentheses for straw and the mean for the range of values in parentheses for seed (n is the number of times each seed sample was run by ELISA).
† Ergovaline concentration as determined by HPLC. 4 The first number is the average of the 2 replicate values in parentheses for straw (some samples were not replicated). Seed samples are standards used in the ergovaline HPLC and were averaged over 15 runs. at 100% B for 10 min, and then linearly ramped down to 0% B in 5 min.
Ergovaline. Straw and seed samples were prepared and analyzed by HPLC following a previously described procedure. 2 An isocratic mobile phase, an autosampler h fitted with a 20-l sample loop, a fluorescence detector h with a 7-l flow cell, and a column packed with divinyl benzene were used in the HPLC system for this procedure. Data collection was from a PC-based system. h All 15 straw and 6 seed samples were analyzed by this protocol.
Statistical analysis
The percentage binding efficiency for each ergot alkaloid was calculated for each concentration value (0, 0.025, 0.25, 2.5, 12.5, 25, and 50 ng/ml for ergonovine, ergonovine maleate, ␣-ergocryptine, ergotamine tartrate, ergocristine, and ergocornine and 0, 1.5625, 3.125, 6.25, 12.5, and 25 ng/ml for lysergic acid) by averaging the blank optical density (OD) value in a run and the OD value for a given concentration and then dividing the latter by the former to obtain the percentage binding efficiency (%BE). Each ergot alkaloid was run on 3 separate days, and these 3 %BE values were averaged and plotted against molar concentration for all concentration values for each of the 7 alkaloids. The 50% binding efficiency for all alkaloids was taken from this graph.
To obtain the within-run and between-run variation for straw samples, 15 samples were run in triplicate on 2 separate days. OD values and concentrations for each sample were obtained from the plate reader, which compares ODs of the straw samples to the OD versus lysergic acid concentration log-logit standard curve. From these data, the coefficient of variation (CV) for each sample was calculated separately for each run by dividing the SD of the concentration for the 3 replicates by the mean concentration of the 3 replicates. The within-run concentration was then obtained by calculating the average CV for all samples (separated into 2 runs). The between-run concentration was found by dividing the SD of the concentration for the 6 total replicates by the mean for the 6 replicates to get the CV for each sample. The average of these CV values was then taken to get the between-run variation for concentration. The same method was used to obtain the within-and between-run variation of the OD for straw samples, using OD in place of concentration. Seed sample variation was calculated in the same manner, except only 6 total samples were used in the calculations, and each sample was run a variable number of times.
The within-run and between-run variation of the grass tissue-based lysergic acid standard curve were determined by running 6 lysergic acid standards (0, 1.5625, 3.125, 6.25, 12.5, and 25 ng/ml) 19 times. Within-run variation was calculated by averaging the CV for all 6 standards over 19 days. The between-run CV for each standard concentration was calculated by taking the SD of the standard concentration for all 57 replicates and dividing it by the mean concentration value for the 57 replicates to obtain the CV for that standard concentration. The 6 CV values were then averaged to get the between-run concentration variation. The same method was used to calculate the OD within-run and between-run variation values. The average r 2 was found by averaging the r 2 values calculated by the plate reader from the lysergic acid log-logit standard curve for all 19 days. The rumen fluid-based lysergic acid standard curve withinand between-run variation and r 2 were calculated in the same manner over 6 days.
Statistical analyses of the data, including mean, SD, CV (SD/mean), %BE, and r 2 for standard curves, were conducted using commercially available software. d,j,k
Results
The 15 straw samples analyzed by ELISA were also analyzed using the HPLC method for ergovaline. The resulting ratio of ELISA concentration (total ergot alkaloids) over HPLC (ergovaline) concentration varied from 0.62 to 8.66, with a CV of 54.7% (Table 1 ). (The (Table 1 ).) Lysergic acid and ergovaline were identified and quantitated from HPLC chromatograms of 4 straw and 6 seed samples using the lysergic acid HPLC protocol. Lysergic acid eluted at approximately 8.5 minutes and ergovaline eluted at approximately 15.8 minutes and was extracted with an average extraction efficiency of 75% from this procedure. Quantitating these 2 peaks for lysergic acid and ergovaline concentrations was semiquantitative at best because of the inconsistency in repeatability among the samples in comparison to the ergovaline HPLC procedure, so these data are not reported. Other unidentified peaks were also eluted in the lysergic acid HPLC assay, but qualitatively this assay resulted in a much lower total ergot alkaloid concentration value (lysergic acid and ergovaline) than that obtained from the ELISA for these samples. Four of the 6 ergot alkaloids tested did not exhibit strong binding using monoclonal antibodies from cell line 15F3.E5 in the competitive ELISA ( Fig. 1 ). Ergotamine tartrate, ergocryptine, ergocornine, and ergocristine did not bind well in this assay, as indicated by the high %BE across all concentrations for these compounds (Fig. 1 ). Ergonovine and ergonovine maleate did show a decrease in binding efficiency with an increase in molar concentration; 50% binding efficiency occurs at approximately 10 Ϫ7 mol/liter for ergonovine and ergonovine maleate and 10 Ϫ8 mol/liter for lysergic acid.
Fifteen straw samples were analyzed on 2 separate days, each run in triplicate by ELISA, with an average CV for concentration of 10.2% within runs and 18.4% between runs ( Table 2 ). The average CV of the OD for straw within runs was 4.5% and between runs was 5.9%. Six seed samples were run a variable number of times (see Table 1 ) and had an average CV for concentration of 13.3% within runs and 24.5% between runs. The 6 seed samples had an average CV for OD of 3.4% within runs and 17.5% between runs ( Table 2) . Table 3 . Within-and between-run variation of the grass tissuebased and rumen fluid-based lysergic acid standard concentration curves run on competitive ELISA using 6 lysergic acid standards of 0, 1.5625, 3.125, 6.25, 12.5, and 25 ng/ml. Six lysergic acid standards of 0, 1.5625, 3.125, 6.25, 12.5, and 25 ng/ml (equivalent to 0, 62.5, 125, 250, 500, and 1,000 ppb before dilution) were used in calculating a log-logit standard curve for each run, which was then used to quantitate straw and seed samples in the same run by the plate reader. The grass tissuebased lysergic acid standard curve was run 19 times and had an average CV of 36.1% within runs and 49.1% between runs ( Table 3 ). The average r 2 for the log-logit standard curve was 0.99, with a CV of 2.1%. The same 6 lysergic acid concentrations were diluted into a rumen fluid-based solution and used to calculate a rumen fluid standard curve. This standard curve was run 6 times and had an average CV of 34.8% within runs and 39.8% between runs. The average r 2 was 0.98, with a CV of 5.0% (Table 3 ).
Discussion
Technical difficulties encountered when measuring ergot alkaloids in Neotyphodium coenophialum-infected tall fescue are compounded by a general lack of understanding of metabolism and toxicities of the ergot alkaloids and their derivatives in livestock. Debate on whether HPLC or ELISA techniques are better for determining toxicity is based upon issues related to repeatability of the procedure and toxicities of the compounds. Ergovaline is commonly referred to as the toxic element within tall fescue because it is the predominant ergopeptine form of the ergot alkaloids found in N. coenophialum-infected tall fescue tissue. 6, 15 This observation is based upon an HPLC analytical procedure that does not analyze for the simpler ergoline alkaloids (i.e., lysergic acid, D-lysergic acid amide, lysergol, and ergonovine) or other unknown lysergic acid amides that may be present in N. coenophialum-infected tall fescue. Furthermore, HPLC analysis of ergopeptine alkaloids has done little to elucidate their metabolic fates postingestion. The metabolic half-life in serum is approximately 10 minutes for ergopeptine alkaloids and 40 minutes for lysergic acid amide when measured by HPLC. 7 An advantage of the ELISA is that it detects greater quantities of nonspecific ergot alkaloids than does HPLC in seed and vegetative tissues, hence accounting for greater amounts of the total alkaloid content of N. coenophialum-infected tall fescue. Monoclonal antibodies from cell line 15F3.E5 bind ergot alkaloids based on a lysergic acid ring structure. 12 The ergopeptides ergocryptine, ergocristine, ergocornine, and ergotamine tartrate have the same main ring structure as lysergic acid but have additional large side groups that prevent them from successfully binding to the antibody, so that ergopeptides are not effectively measured by the ELISA. Ergonovine and ergonovine maleate exhibited a decrease in binding efficiency with an increase in concentration, which indicates that these 2 compounds reacted more strongly with the monoclonal antibody and had a chemical structure more similar to that of lysergic acid than to that of the other 4 ergot alkaloids. The binding efficiency of ergovaline was not determined because of the limited availability and high cost of its pure form; however, previous studies have shown that ergovaline exhibits a low binding affinity to the 15F3.E5 antibody (molar concentration for 50% maximum absorbance value of 2.40 ϫ 10 Ϫ9 for ergovaline vs. 3.72 ϫ 10 Ϫ10 for lysergic acid and 3.93 ϫ 10 Ϫ15 for lysergol 3 ), following the reasoning that large side groups on the ring structure prevent them from binding to the antibody. 4 Hybridoma cell lines with affinities to the ergoline alkaloids (15F3.E5) and ergopeptine alkaloids (9A12 and 9B1) have been used to examine the metabolic fate of the ergot alkaloids in animals grazing tall fescue. 12 Antibodies from the hybridoma (15F3.E5) accounted for approximately 95% of total excreted ergot alkaloids; urine was the primary means by which the toxins were voided from the body. Urinary alkaloid concentration, as determined from antibodies of hybridoma 15F3.E5, were less variable than serum prolactin and may be a better physiological diagnostic tool than prolactin for fescue toxicosis in livestock. 5 Urinary alkaloid excretion values, as determined by ELISA using antibodies from hybridoma 15F3.E5, were also highly correlated with average daily weight gains for steers grazing tall fescue. 5 Therefore, an ELISA using antibodies from hybridoma 15F3.E5 may provide an estimate of an unknown ergot alkaloid component that is capable of eliciting a toxic effect in livestock grazing tall fescue.
In this study, there was a significant amount of dayto-day variance for the ELISA results (Tables 2, 3) , which has been noted in previous studies, 4 suggesting that the ELISA should be used as a semiquantitative tool. Within-run variation was lower because all sam-ple extracts and standard concentrations were made new for each run and were exposed to the same experimental conditions on 1 microtiter plate. The competitive ergot alkaloid ELISA was adaptable to other matrices, such as rumen fluid, as indicated by the comparable amount of variation between the grass tissuebased standard curve and the rumen fluid-based standard curve (Table 3 ). However, the binding efficiency of different ergopeptine alkaloids is important to consider when screening rumen samples for the quantification of total ergot alkaloids by ELISA in a diagnostic or research setting.
One explanation for the discrepancy in results between the HPLC and ELISA alkaloid determination in this study is the possibility that monoclonal antibodies from the hybridoma cell line cross-reacted with plant products other than the ergot alkaloids. However, cross-reaction is unlikely based upon direct evidence as to the affinity responses of the antibodies and direct and circumstantial evidence that the antibody has affinity to the toxins causing toxicosis. First, the monoclonal antibodies produced by murine hybridoma cell line 15F3.E5 were elicited after immunizing mice with a protein conjugate, using lysergol as the hapten. 4 The antibodies were tested for affinity to lysergic acid amides and ergopeptine alkaloid derivatives. The antibody expressed some cross-reactivity to all ergot alkaloids with the exception of di-hydroergocornine or bromo-ergocryptine. Both of these alkaloids have substitutions at the 9,10 double bond of the lysergic acid ring structure, thus changing the 3-dimensional conformation of the lysergic ring slightly by changing the bond angle. This conformational change resulting from the hydrogenation or bromation of the 9,10 double bond resulted in zero affinity to these alkaloids. Therefore, the antibody is highly specific to alkaloids with intact lysergic ring moieties only. Second, the endophyte-free grass and seed samples used in this study gave values at or near zero, a response that could happen only if the antibodies did not recognize plant products. Hence, there appears to be no evidence supporting cross-reaction to plant products that are not associated with the endophyte.
Some semidirect evidence exists to suggest that monoclonal antibodies from murine cell line 15F3.E5 have affinity to the toxin responsible for causing fescue toxicosis. First, when the antibody was infused into steers grazing endophyte-infected tall fescue, serum prolactin increased within 30 minutes after initiation of infusion of the antibody. Serum prolactin is the physiological marker most often used to diagnose fescue toxicosis, and it is highly probable that the antibody is recognizing the toxin(s) associated with this biochemical effect of the toxicosis syndrome. 4 Second, urinary excretion of ergot alkaloids quantitated using the same competitive ELISA as used in the present study was inversely correlated with steer performance (r 2 ϭ 0.86). 5 Conversely, no similar data have been obtained supporting ergovaline as the toxin causing fescue toxicosis.
The poor affinity of 15F3.E5 to the ergopeptine alkaloids noted herein and by others, 4 the lack of agreement between ergovaline HPLC and the ELISA for ergot alkaloids, the evidence supporting specificity of 15F3.E5 to the toxin(s) causing the anomaly, and the precision of the ergovaline HPLC versus the ELISA in quantifying the alkaloids presents an interesting puzzle as to which test is the best measure of the potential of plant tissue to cause fescue toxicosis. Ergovaline HPLC is highly reproducible and is the best measure of this compound, but there is little or no evidence supporting ergovaline as the candidate toxin other than an association between it and endophyteinfected plant tissue and its vasoconstrictive effects. At present, it is not known whether ergopeptine alkaloids are modified by rumen bacteria nor which ergot alkaloid classes cross the rumen barrier; however, urinary concentrations of alkaloids as determined from ELISAs have been relatively high. 5 Conversely, ELISA of ergot alkaloids using monoclonal antibodies from murine cell line 15F3.E5 produces variable results and is thus semiquantitative, but data exist suggesting affinity to the candidate toxin(s) causing the toxicosis. The ELISA and the ergovaline HPLC measure different alkaloid classes, but because the relationship of individual ergot alkaloids in causing endophyte toxicosis is unknown, each method is a valid indicator of toxicity and the best means for quantifying the specific compounds they measure. Therefore, the enigma is whether HPLC accurately predicts a nontoxin or possible toxic component versus whether ELISA using 15F3.E5 detects the toxin(s) but possibly with insufficient precision and accuracy for clinical or diagnostic value. The research reported herein does not provide a conclusive answer as to which test gives results with the greatest biological relevance; rather, it dictates a need for basic research to determine which of the ergot alkaloids are responsible for livestock toxicosis in Neotyphodium-infected grasses, with concomitant effort towards development of sound diagnostic techniques.
